Summary. Exposure to ether of wild-type embryos of different strains of Drosophila melanogaster causes phenocopies of different alleles of the bithorax system. Clonal analysis of the phenocopy spots has shown that the transformation caused by the treatment is maintained by cell heredity. Embryos heterozygous for several recessive mutant alleles of bithorax show the same frequency of phenocopies as wild-type homozygous sib controls. The same holds for embryos heterozygous for the dominant mutant alleles Cbx and Ubx 1 which are point mutants in the cis-regulatory region of the system. However, for dominant mutants which have breakpoints in this region (Ubx 8~ Ubx 13~ and Hm) the frequency of phenocopies is about twice that of their sib controls. Embryos with increasing numbers of copies (from t to 4) of the bithorax system show a decreasing frequency of phenocopies. A model is proposed that explains "bithorax" phenocopies as resulting from disturbances in the distribution of positional information signals for segments (inductor molecules) which compete with the product of a regulator gene (repressor) and the cis-regulatory region of the bithorax system. On this model, the initiation of a metathoracic developmental pathway would result from the derepression of the bithorax system.
Introduction
Phenocopies are developmental alterations, caused by external agents, which mhnic alterations caused by particular mutations (Goldschmidt, 1935) . Whereas mutations result from changes at the genetic level, phenocopies are thought to result from alterations in the process of gene expression. Thus whereas mutations are maintained by cell heredity in either the germ line or in somatic cell clones, phenocopies might not be expected to be cell-inheritable.
0340-0794/78/0185/0105/$04.40 Goldschmidt (1935) suggested that the process affected by the mutation and that affected in its phenocopy, are physiologically related. This is supported (i) by the similarity of phenocopy and mutant syndromes, (ii) in some instances the mutant and phenocopy phenotype can be ~ by the same treatments (see Landauer, 1958) and (iii) individuals heterozygous for the particular mutant may show higher frequencies of phenocopies than homozygous wild-type individuals (Goldschmidt and Pitternick, 1957; Santamaria and Garcia-Bellido, 1975) .
Phenocopies corresponding to homoeotic mutants are interesting because, like the mutants they mimic, they lead to a substitution of one developmental pathway for another. In Drosophila melanogaster, bithorax is one such homoeotic transformation that can be caused by mutations as well as found in phenocopies. In both cases a partial or complete transformation of the metathoracic and abdominal segments into mesothorax can occur. Exposure of embryos at the blastoderm stage to temperature shock (Maas, 1948) or to ether vapour (Gloor, 1947) causes phenocopies of bithorax. Developmental analysis of mutants at the bithorax locus has shown that the products of the wild-type alleles are required in successive cell generations. The "bithorax" transformation can occur in clones initiated at any stage in development, following the removal of the wild-type allele by mitotic recombination in bx/+ heterozygous flies (Lewis, 1964; Morata and Garcla-Bellido, 1976) . Thus, it is surprising that the phenocopying treatment at the blastoderm stage appears to have lasting effects during the proliferation phase of the disc.
This paradoxical situation raises two main questions: firstly, are the transformed structures which appear in the adult clonal offspring of phenocopied blastoderm cells? Secondly, does the frequency of phenocopies depend on the genetic constitution of the zygote cells? The results indicate that ether-induced phenocopies of bithorax result from alterations in the mechanism of segmental specification which lead to the initiation of the metathoracic pathway. In the present paper we study the effect of alleles of the bithorax locus upon the sensitivity to ether. The effects of mutations showing the '~ bithorax" syndrome, but mapping elsewhere in the genome, will be analysed in a subsequent paper (see Garc~a-Bellido and Capdevila, 1978) . Parts of the present results were published in a preliminary report (Capdevila, 1977; Capdevila and Garc~a-Bellido, 1974 ).
Material and Methods
Well fed females of different genotypes were used as mothers. Following a prelaying period of 1 h, eggs were collected for thirty minutes on a filter paper sprayed with a thin yeast suspension. In this way eggs exposed most of their surface. At different times after oviposition the filter papers were transferred to a 50 cc. chamber saturated with ether vapour. The standard time of ether treatment was 10 rain. The ether used was anhydrous (sulphuric) ethyl ether (Gloor, 1947) . Egg collection, treatment and culture was at 25 ~ C. No attempt was made to dechorionate eggs and investigate the developmental stage at which the eggs were treated. Thus, despite the prelaying period to avoid retained eggs, the eggs of a given treatment may have been in different stages (Bownes and Seiler, 1977; Santamaria, personal communication) .
Mitotic recombination was induced by X-rays using a Philips 151 Be source working at 100 kV, [5 mA (2 mm AI filter, 300 R/min, 20 cm f.o. distance) giving a total dose of 1000 R. Different wild-type strains were used as controls. Mutants of the bithorax system are described in Lindsley and Grell (1968) ; others will be described briefly in the text. The celI markers used are described in Garcia-Bellido and Dapena (1974) .
The frequency of phenocopies varies between treatments. Therefore to study the sensitivity of different genotypes the crosses were prepared in sach a way that control ("sib controls") and mutant eggs of the same brood could be compared. As a rule the mutant tested was coupled with a recessive marker in the same chromosome (usually ebony (e)) and was balanced over a chromosome (usually TM1) which carries the recessive marker, stubbloid (sba'). Females of this genotype constitution were then mated to "tester" males which were homozygous for the chromosome markers sbd e. In this way the two types of F 1 embryos were treated under identical conditions and could be distinguished as adults, even if dissected from the puparium, by the presence of either ebony or stubbloid, which are easily scorable phenotypes. Using the same balancer and tester chromosomes in different experiments helps to reduce variations of the genetic background between experiments. When comparing different chromosomes in the same experiment, the ratio of frequencies between genotypes (R) was used.
Adults emerging from ether-treated embryos were scored under the dissecting microscope ( x 40 or x 80) for the presence of abnormalities in different parts of the body. Special attention was paid to thoracic and abdominal segments and to the genitalia. Adults were then dissected and mounted in Euparal for examination under the compound microscope. Gloor (1947) found that a short pulse (10 20 rain) of ether vapour administered to 2-4 h old wild-type embryos leads to the appearance of "bithorax" phenocopies in about 30% of the emerged adults. We have confirmed (Capdevila and Garcia-Bellido, 1974 ) that ether treatment can induce "bithorax" phenocopies in embryos of i-4 h of age, with a maximal frequency in embryos of 2-3 h. Age may not directly correspond to embryonic stages if mothers retain the fertilized eggs for variable periods of time before laying them. In fact, a careful dating of the stages of the treated embryos (Bownes and Seiler, 1977; and Santamaria, unpublished) has shown that the period of sensitivity to ether starts during the syncytial blastoderm stage (2-21/2 h) and extends until gastrulation (41/2-51/2 h). Thus, "bithorax" phenocopies are apparently not produced in embryos in preblastoderm stages. We have chosen the age of 3 h • 15 min as standard age of the embryos for ether treatment. At that age 30% of the treated embryos survive as adults (Capdevila and Garcia-Bellido, 1974) .
Results

L General Parameters
As described by Gloor (see also below) "bithorax" phenocopies are patchy, of variable expression and, as a rule, bilaterally asymmetrical (Fig. 1) . Gloor noted that bilateral phenocopies (i.e., in both left and right sides) occur more frequently than expected owing to independent events on each side. We found, in a sample of 250 adults (wild-type Sevelen and Vallecas) with phenocopies, that 52 showed phenocopies only on the left side, 37 only on the right and 161 on both. Since the imaginal disc anlagen for the bilateral metathoracic discs are separated on opposite sides of the blastoderm (Poulson, 1950; GarciaBellido and Merriam, 1969) and do not meet during the course of development (Wieschaus and Gehring, 1976) , flies with phenocopies on both sides should 
H. Types, Expressivity and Specificity of the "bithorax" Phenocopies
Following treatment of 3 h old embryos, adults with several kinds of abnormalities in thorax and abdomen were found. These correspond to those described by Gloor (1947) and Bownes and Seiler (1977) . Phenocopies corresponding to the different pseudo-alleles of the bithorax system (Lewis, 1963 (Lewis, , 1964 (Lewis, , 1968 can be induced. Phenocopies of bithorax ( Fig. 1 a and b) can be recognized anywhere in the adult cuticle where the mutant shows the transformation, i.e., in the anterior compartment of both dorsal and ventral metathoracic imaginal discs. This is easy to score in the dorsal disc, with transformations ~o both notum and anterior wing; the latter being characterised by the presence at the wing margin of a costa and a triple or double row of chaetes, In the ventral disc the transformation can only be detected by the presence of sternopleural chaetes and by the appearance of two apical chaetes in the tibia [apical and preapical, both belonging to the anterior compartment (Steiner, 1976) ] instead of the single one typical of the metathoracic leg.
The phenocopies of postbithorax (Fig. 1 c) can be identified, in the dorsal disc, by the presence of a large postnotum in the metathorax, and a wing surface flanked by either in arch, alula, or a double row of hairs. In the ventral disc the only visible effect of the mutation is the absence of the posterior transverse rows of chaetes, bithoraxoid is characterised by the appearence of metathoracic structures and the suppression of the typical tergite pattern in the first abdominal segment. Transformation of one tergite into another cannot easily be recognized unless they involve transformation of or towards, the first tergite. Occasional rotation of the male genitalia, similar to that caused by Intersex, a haplo-insufficient locus in the bithorax complex was found. Contrabithorax or Haltere mimic phenocopies (Fig. 3a) are unequivocally identified by the appearance of haltere tissue on the wing surface.
Out of a sample of 540 phenocopy-carrying wild-type flies (1080 sides) analysed under the microscope we observed the following frequencies of phenocopies, classified according to the pseudoallelic phenotype. "bithorax" phenocopies appeared in 782 sides (72%); "postbithorax" phenocopies in 25 sides (2%); "bithoraxoid" phenocopies in 3 sides (0.3%) and "Contrabithorax" phenocopies in 4 sides (0.4%). Possible transformation between abdominal segments could not be distinguished from general tergite malformations. However, spots with transformations of tergites II-VI to tergite I, and rotated genitalia were found in flies of special genetic constitutions (Capdevila and Garcia-Bellido, in preparation) . Thus, the bulk of the phenocopies of the bithorax system corresponds to transformations like those caused by the allele bithorax, although other mutant pseudoalleles can also be phenocopied by the same treatment.
We will consider in this paper as "bithorax" phenocopies only those corresponding to mutant alleles of the bithorax pseudoalMic locus.
Owing to the differences in size and characteristic patterns the identification of the transformed territories is easy in structures of the anterior compartment of the dorsal disc. It is more difficult in the posterior part of the disc and even more so in the legs. Therefore, evaluation of the frequency of transformation in the different anlagen is biassed towards spots in the anterior compartment of the dorsal disc. In Table 1 the number of phenocopies affecting the different metathoracic discs and compartments is presented. More phenocopies were scored in the anterior compartments than in the posterior ones ("bithorax" vs. "postbithorax" phenocopies) and in the dorsal disc than in the ventral one. The latter distinction may reflect differences in the extent of the cuticular area where the transformation can be detected. This however, is not the explanation for the much lower recovery of "postbithorax" compared to '~ phenocopies. The high coincidence of phenocopies affecting both dorsal and ventral discs (199 out of 412, Table 1 ) could be related to the fact that the presumptive cells for these discs still share the same anlage in the blastoderm, at the time of ether treatment (Wieschaus and Gehring, 1976; Steiner, 1976; Lawrence and Morata, 1977) .
Phenocopy spots vary in size. They may affect the entire anterior compartment and show a complete transformation, more extreme than in the most extreme allele of bx known (as expressed in flies bx3/Df(bx-). Or, they may appear as small patches of transformed tissue. As a rule spots contain more than 1000 cells, which corresponds to the average size of clones resulting from the earliest induced mitotic recombination in bxa/+ flies (Morata and GardaBellido, 1976) . Smaller spots are also found occasionally. As in mitotic recombination clones, the boundary between mesothoracic and metathoracic tissue is sharply defined. Phenocopy spots, also like mitotic recombination clones, may appear anywhere in the metathoracic disc derivatives and they show the pattern transformation corresponding to the position in the haltere (see Gloor, 1947) . Phenocopy spots frequently stop at the compartment boundary between notum and wing. Much less frequently the histotypic border runs along the dorsoventral compartment boundary. Spots are normally single but occasionally two or more unconnected spots may appear in the same haltere. In a sample of 284 sides with phenocopies in the anterior dorsal metathoracic disc, 58 had spots restricted to the notum and 96 to the wing, but 130 contained spots Phenocopies of the Bithorax System 111 extending over regions of both notum and wing. In these sides 224 had single spots but in 30 sides one spot in the wing was separated by haltere tissue from another in the notum.
These observations suggest that phenocopies may result from events affecting single blastoderm cells or groups of cells in the anlage, and that their subsequent clonal behaviour results in transformed territories in the adult cuticle.
III. Clonal Basis" of the Bithorax Phenocopies
The possibility that the spots of phenocopied tissue may correspond to the clonal offspring of one or several individually affected cells in the anlage was tested by the following experiment. Mitotic recombination was induced with X-rays at 48 h (17 treatments) or at 72 h (14 treatments) of development in individuals treated with ether at the blastoderm stage. The genetic constitution of the treated eggs was either mwh jv/M(3) i 5s or y; mwh/Dp(3)scJgy + M(3) i 55. Therefore the resulting clones were marked with either mwh and jv or mwh and y which are detectable in trichomes (mwh) of both haltere and wing and in the chaetes (y or jr) of the transformed wing. The underlying assumption of this experiment is that if phenocopies result from a transformation occurring prior to mitotic recombination and which is irreversibly maintained by cell heredity, clones will include either haltere cells or wing transformed cells but never both types of tissue. The M(3)i + genetic constitution of the recombinant cells results in a faster growth rate than that of the non-recombinant surrounding cells (Morata and Ripoll, 1975) . This increases the probability that M(3)i + clones in either transformed or non-transformed tissue will cross the boundary to the other type of tissue or extend along it.
Among 474 sides with phenocopies in the metathoracic segment we found 38 M(3)i + clones. From these, 27 were restricted to haltere territories and 11 to wing territories. In 16 cases the clones did not touch the histotypic border. ~n 22 cases the border of the clones ran for several hundred cells along the separation line between transformed and non-transformed cells (Fig. 2 a-c). Of these 22 cases, 8 were clones initiated at 48 h and 14 at 72 h. This result confirms the assumption that the phenocopy transformation is clonally and irreversibly maintained after 48 or 72 h of Minute (M(3)i 5s) development. This supports the conclusion that the "bithorax" phenocopies may result from disturbances affecting individual cells in the blastoderm. However, reversion to the normal state between the blastoderm stage and 48 h of development cannot be ruled out.
IV. Effect of the Genetic Background on the Phenocopy Response
It is known that the response to a phenocopying agent can vary with the genetic constitution of the treated embryos. It has been proposed that these variations in response were due to the presence of isoalleles of the phenocopied mutant or of genetic modifiers of the process affected by the mutation (Gold- schmidt and Pitternick, 1957; Landauer, 1958) . We investigate in this paper the effect of heterozygosity for different alleles of the bithorax complex. The underlying assumption is that cells with insufficient quantities of functional bithorax products should be more responsive than cells of homozygous wild-type embryos.
A. The Control Genotypes Gloor (1947) tested the response of different wild-type strains to ether treatment. He found significant differences between three different strains tested. The number of treatments from which the final figures were obtained was not recorded. We have studied the phenocopy response of 6 different wild-type strains maintained in the laboratory for several years. Since the frequency of phenocopies varies between treatments we have carried out several treatments and pooled the data (N.T. in tables). As shown in Table 2 , the different strains fall into three groups of response, varying around 20% (Canton-S and Oregon-R), 25-30% (Vallecas, Urbana-S and Sevelen) and 70% (Hindelbank). The differences between strains of the two first groups might reflect small physiological variations in, for example, developmental stage at the time of treatment, chorion thickness, degree of immersion of the egg in the yeast suspension, etc. The significantly higher frequency of phenocopies in the Hindelbank strain suggests the existence of discrete genetic variants, which affect the phenocopying process (Capdevila and Garcla-Bellido, in preparation).
As Gloor reported, "bithorax" phenocopies appear as frequently in males as in females of the same strain. In a sample of treated wild-type flies (Vallecas and Sevelen strains) we have found 110 (44%) males and 140 (56%) females with phenocopies.
In the experiments described so far we could not compare in the same treatment the responsiveness of zygotes of different genetic constitutions. In the following experiments we shall compare the frequency of phenocopies in different types of hybrid embryos deriving from common mothers and fathers and treated therefore under identical experimental conditions (see Material and Methods).
We first tested the responsiveness of zygotes carrying the different chromosomes which were to be used later as sib controls in experiments where alleles of bithorax were studied (Table 3 ). In experiment 1 we found that the frequency of "bithorax" phenocopies of hybrids mwh jv/Sevelen was similar to that of embryos of the wild-type Sevelen strain (cf. Table 2 ). This was the same frequency as that in mwh jv/TM1 hybrids and mwh jv/M(3)i 55 hybrids (Experiment 2). As seen in experiment 3, TM1 hybrids show about the same frequency of phenocopies (R=0.8) as T(2;3)ap xa hybrids. From these experiments we conclude that the genetic variants introduced from the different stocks (TMI, T(2; 3)ap xa, sbd e, etc.) in the hybrids have a similar effect upon responsiveness to ether. The fact that flies carrying the chromosome rearrangements TM1 (In(3LR)TM1) and the T(2;3)ap xa show the same frequency of phenocopies as flies carrying non-rearranged chromosomes is important. These two rearrange- merits have breakpoints near the bithorax locus and this might have led to phenotypic interactions with bithorax alleles by "transvection effects" (Lewis, 1954) .
B. Alleles of the Bithorax Complex
The bithorax system seems to contain pseudoallelic loci of two main types: recessive mutant alleles, probably corresponding to structural genes with different pseudoalMic functions, and dominant mutations, presumably corresponding to cis-regulatory loci (Lewis, 1964) . We first studied the effect of heterozygosis for recessive mutant alleles of the different pseudoallelic loci. These were bx, pbx and bxd. In the locus bx two alleles bx 3 and bx 1 were compared, bx 3 being more extreme than bx 1 in expression. The results (Table 4) show that embryos heterozygous for the recessive mutant alleles have the same frequencies of phenocopies as sib controls which were homozygous wild-type for the bithorax locus. This result implies that phenocopies do not result from depletion of functional gene products of the bithorax system. That is consistent with the products of the bithorax locus being necessary throughout successive cell divisions to maintain the metathoracic phenotype; any effect upon the wild-type gene products in the blastoderm cells would be corrected in subsequent cell generations. The same results also show that "bithorax" phenocopies do not result from mutation in the wild-type locus.
In experiments 4 and 5, ~ postbithorax" phenocopies occasionally appeared. In experiment 5 we found 5% "postbithorax" phenocopies in the bx heterozygous flies and 3% in the sib controls. In experiment 6 and 7 (Table 4 ) no adult flies with either "postbithorax" or "bithoraxoid" phenocopies were found.
The cross of experiment 8 (Table 4) gives rise to flies phenotypically bx pbx (genotypically bx 3 pbx/Ubx ~) showing a total (anterior and posterior) transformation of the metathorax into mesothorax. Ether-treated embryos of this genetic constitution give adults which show the expected transformation. However, we could not find in them phenocopy spots with haltere (metathorax) Tables 2 and 3 characteristics, neither in the metathorax (reversal of the mutant phenotype) nor in the mesothorax (" contrabithorax" phenocopies). "Contrabithorax" phenocopies occur in low frequency (p.109) so that the lack of them in bx 3 pbx/Ubx ~ flies is not statistically significant. However, phenocopies in the metathorax are frequent in sib controls and their absence in bx3pbx/Ubx ~ flies suggests that in mutant flies homozygous for the bithorax locus the normal phenotype of the metathorax cannot be restored by the ether treatment.
The Dominant Alleles. There are two kinds of dominant mutations in the bithorax system. The first group includes the Ubx mutants. These mutants are lethal in homozygous adults, but in homozygous larvae or when heterozygous in combination with mutants of the structural loci they show a phenotype that corresponds to the total absence of function of the structural alleles bx, pbx and bxd. Ubx mutants have therefore been considered operationally similar to operator mutants (0 ~ of the system (Lewis, 1964) . Of this group we have studied three different alleles Ubx 1, Ubx 8~ and Ubx ~3~ Whereas Ubx 1 is a point mutation, judged by such criteria as recombination and cytological analysis, Ubx 8~ (In(3R)Ubx 8~ and Ubx ~3~ (In(3LR)Ubx ~3~ are associated with breakpoints in the bithorax region (89E). Flies heterozygous for these alleles show a different response to ether treatment: Ubx ~ does not increase the frequency of phenocopies over that of the controls (Experiment 9, Table 5 and 8 c, Table 4 ). The other two Ubx alleles associated with breakpoints in the bithorax region increase by about 70% the phenocopy frequency relative to sib controls (Experiments 10 and 11, Table 5 ). (Hm) . These cause the replacement of the normal mesothoracic structures by structures of the metathorax. The phenotype of these mutants has been explained as resulting from the continuous derepression (0 c type of mutation) of the bithorax system, leading to a suppression of the mesothoracic pathway and the appearance of its alternative, the metathoracic one (Lewis, 1964) . Both mutants are fully penetrant but differ in the following respects. Cbx is a point mutant, viable in the homozygous condition; it shows a variable expressivity of the homoeotic phenotype (Morata, 1975) . At its maximum expression it transforms the entire dorsal mesothorax into a dorsal metathorax; minimally it transforms only the posterior wing region (alula and double row) into haltere (Fig. 3 b) . Cbx/Ubx 13~ flies are viable and show a slight suppression of the Cbx phenotype in the mesothorax but a slight transformation of the haltere into wing (Lewis, 1964) . Hm is associated with a chromosome rearrangement (T(2;3)Hm) with several breakpoints, one of which is in the bithorax region (Lewis, personal communication) . It is lethal in the homozygous condition and over a Ubx 13~ chromosome. In heterozygous condition Hm shows a very constant phenotype: the homoeotic transformation is restricted to the wing appendage, changed into a haltere. It never transforms the notum (Fig. 3c) .
Cbx and Hm show a different response to ether treatment (Experiments 12 and 13, Table 5 ). In Cbx/+ flies the frequency of "bithorax" phenocopies in the metathorax is equal to that found in sib controls. The appearance of wing and notum territories in the metathorax suggests that the Cbx function might be suppressible by the ether treatment. In ether treated embryos of Cbx flies, reversion of the homoeotically transformed mesothorax may also occur. In the posterior wing region, the penetrance and expressivity of Cbx is total. Spots with wing territory in this region (reversion spots) appear in 8% (22/296 sides) it is restricted to the proximal regions, i.e., those regions not transformed in the mesothorax of the Cbx emerged adults. Note that Cbx reversion was associated with "bithot a x " phenocopies on the same side of the fly in 86% (19/22) of the cases (Fig. 3b) .
Phenocopies of bithorax in the metathorax of H m / + flies are less frequent than in sib controls (Table 5 ). This reflects the fact that only the n o t u m region of the metathorax appeared to be phenocopied to mesonotum, while the haltere region always remains haltere, even in cases where all the remaining metathorax has been transformed (Fig. 3 e) . Apparently the Hm mutation prevents the transformation in the distal region of the metathoracic disk. If we take into consideration that in wild-type flies phenocopies in the haltere are twice as frequent as in the notum (p.ll0) the responsiveness of H m / + cells seems to be higher than in sib controls R =20.5 +(2 x 20.5) = 1.6).
37.8 118 M.P. Capdevila and A. Garcia-Be[lido Interestingly no reversion of the Hm phenotype was found in the mesothorax haltere homeotically transformed back to wing in the treated flies. These results suggest that the Hm mutation corresponds to a derepressed condition of the bithorax locus, or at least of that function which is expressed in distal regions. As such it cannot be affected by the ether treatment.
In the experiments with dominant mutations the largest fraction of "'bithorax" phenocopies corresponds to the bithorax transformation. The frequency of "postbithorax" phenocopies remains low as in controls. For example, in experiment 10 the Ubx ~3~ heterozygotes showed a 4.5% yield of "postbithorax" phenocopies whereas the TM1 heterozygotes had 5.8% "postbithorax" phenocopies.
These results are consistent with the notion that the ether treatment disturbs a process dependent on the genetic constitution of the bithorax system. Mutations in the loci which behave as structural in genetic tests, that is, bx, pbx, bxd, do not modify the sensitivity to phenocopies of the zygotes carrying them. This confirms previous inferences that the effect of ether is not upon the gene products of the bithorax system. On the other hand, mutations which behave correspondingly to cis-regulatory functions fall into two groups with respect to their effect upon phenocopy response. The point mutants Ubx 1 and Cbx do not affect that responsiveness but Ubx 8~ Ubx 13~ and Hm, which are associated with breakpoints in the bithorax system, do affect it. This suggests that the cis-regulatory region of the bithorax system might be involved in the process altered by the phenocopy. Alternatively, the behaviour of these rearrangements could be due to "transvection effects" (Lewis, 1954) between incorrectly matched homologous chromosomes in the bithorax region. We have shown (p.113), however, that two rearrangements with breakpoints in the proximity of bithorax (In(3LR)TM1 and T(2;3)ap xa) did not affect the response to phenocopies. We will now show that the location of the intact bithorax system in the genome does not affect the phenocopy response either.
C. Duplications and Deficiencies for the Entire Bithorax Region
If the effect of the Ubx rearrangements on ether sensitivity is due to disruption of the bithorax system it is expected that deficiencies and duplications for the locus will alter the responsiveness to phenocopies of the zygotes. We have studied different duplications and deficiencies isolated and kindly supplied to us by E.B. Lewis, for their effects on ether sensitivity in embryos.
In the translocation T(3;1)P115 (20F; 89B; 89E5 or 6) the duplicated element is located in the proximal heterochromatin of the X-chromosome: it carries the wild-type alleles of the bithorax system which are lacking in the complementary Df(3)Pl15 element. The meiotic segregation of the translocation elements and the viability of the duplicated element in homozygous condition permit us to compare embryos with 1, 2, 3 and 4 doses of the bithorax system in the same cross. Thus, we crossed individuals whose X and 3rd chromosomes were marked with dominant mutations, to follow both balancers and translocated elements in the offspring (Table 6 ). The offspring of cross 14 includes Pheno~zopies of the Bithorax System [21 but also lacks the entire bithorax system. It was studied in combination with the Dp(3,'I)Pll5 in order to compare the effect of 1 to 3 doses of this system. As shown in Table 7 , experiment 16, in this combination also the phenocopy response is inversely proportional to the number of copies of the wild-type bithorax system. Dp(3)P5 (Lewis, unpublished) is a tandem duplication which includes little more than the bithorax system. Individuals heterozygous for this duplication, carrying three doses of the bithorax system, show phenocopies with about hail the frequency of their sib controls with two doses (Experiment I7 Table 7 ). The duplications and deficiencies studied contain genes other than the bithotax system. However, the similar higher sensitivity shown by Ubx s~ and Ubx 130 and Df(3)P115 and Df(3)P9 suggest that the primary variable in these experiments is the bithorax system itselfi
Discussion
Heat shocks (Maas, 1948) and ether vapour (Gloor, 1947) applied to early embryos of Drosophila cause developmental abnormalities. The abnormalities caused by ether consist mainly in changes of segmentation. Both in late embryos (Bownes and Seller, 1977) and in larvae and adults (Gloor, 1947 ) malformations consist of fused and, partially or totally, deleted abdominal segments. Owing to the similarity of the cnticular pattern of different abdominal segments, transformations from one segment into another cannot be distinguished. Possibly related to those segmental abnormalities are the phenocopies of the mutant b~thorax pseudoatleles. These appear i~ the adult as transformations between metathoracic and mesothoracic segments. However, whereas the sensitive period for abdominal abnormalities is from the newly-laid egg stage until advanced gastrulation, "bithorax" phenocopies apparently have a shorter sensitive period : starting at the syncytial blastoderm stage and ending during gastrulation (Bownes and Seiler, 1977) . We have found "bithorax" phenocopies in embryos considered to be at preblastoderm stages as judged from the time of egg-laying (Capdevila and Garcia-Bellido, 1974) . Since no direct inspection of the embryos was made, it could be that such embryos were at a more advanced stage.
Gynandromorph analysis has shown that the anlagen for left and right thoracic imaginal discs are widely separated in the blastoderm (Garcia-Bellido and Merriam, 1969) . Cell lineage analysis has shown that between the blastoderm stage and seven hours of development, probably including one cell division, segments and subsegments (anterior and posterior compartments) are laid down in the embryo (see discussion in Garcia-Bellido and Ripoll, 1978) . Before seven hours, however, no lineage restriction separates dorsal from ventral anlagen in the thoracic imaginal discs. Within these imaginal discs, dorsal-ventral and proximal-distal compartments appear in the larval stages during the proliferation phase Steiner, 1976) . Thus the effective time of the ether treatment coincides with the stages when developmental restrictions for segments and anterior and posterior thoracic compartments take place. For both abnormal segmentation and "bithorax" phenocopies the affected regions can be either on one side or both of a given segment. In the latter case the abnormality can be of different extent on each side. The existence of spotty transformations supports the hypothesis that ether causes topic defects. However, embryos submerged in the yeast, leaving only one side exposed to the ether, give rise to bilateral phenocopies in normal frequency (p. 8). We do not know how much ether reached the submerged side of the embryo, so the experiment is inconclusive. The possibility exists that ether disturbs the mechanism of segmentation, affecting both sides, and that partial recovery leads to the spotty phenotype we observe in both larval and adult segments,
The appearance of spots of "bitlzorax'" phenocopies in the adult are suggestive of a clonal origin~ They are similar to bx clones resulting from mitotic recombination in bx/bx + halteres (IVIorata and Garcia-Bellido, 1976) in the following respects: (i) the sharp borders between meso-and metathoracic tissue, (ii) the appearance of restrictions for late compartments, (iii) the fact that the minimum size of phenocopies is similar to maximum size mitotic recombination clones. Occasional small spots of phenocopies may correspond to early clones reduced in size by negative affinities between haltere and wing tissues. These lead to invagination and/or dissappearance of mesothoracic tissue (Morato and Garcia-Bellido, 1976) . A cell lineage analysis of the phenocopy spots has shown that all twenty-two clones initiated at 48-72 h (M(3)i s5 developmental time) are rextricted to either mesothoracic or metathoracic tissue (p. 1 l l). The number of divisions in the larval anlage before irradiation in M(3)r 5 flies is not known~ It is probably not more than 2-3, judging from the variation in the frequency of mitotic recombination clones Steiner, 1977) . Thus, early in development, the transformation caused by the ether treatment is registered in the cells, and it is maintained by cell heredity during subsequent divisions.
The lasting effect of the ether treatment is in apparent contradiction with the evidence that changes in the genetic constitution of the bithorax alleles by mitotic recombination are followed by a change in phenotype in the next or next few ceil generations (Morata and Garcla-Bellido, 1976 ). This suggests that the effect of ether treatment cannot be on the products of the bithorax genes. If the gene itself is not affected, its products would reverse any transitory effect of ether in the next cell generations. This conclusion is supported by the study of the response of cells heterozygous for different bithorax pseudoalleles. All the recessive alleles tested in heterozygous embryos show the same type and frequency of phenocopies as homozygous wild-type sib controls. This indicates that the "bithorax" phenocopies do not result from depletion of bithorax wild-type products nor from somatic mutation in the bithorax locus. Waddington (1956) recovered alleles of the bithorax system in the germ line of phenocopied flies in low frequency, presumably corresponding to the spontaneous mutation rate.
The analysis of the response of embryos with variable numbers of copies of the bithorax system has shown that there is an inverse relationship between the number of copies and the frequency of phenocopies. This is true of the two deficiencies and two duplications studied. These results have 3 implications:
(1) they support the hypothesis that the ether treatment interferes with a process that depends on the bithorax system itself. (2) They show that the clonality of the ether effect cannot be due only to alterations in a self self-replicative cytopiasmic component, since the only obvious differences between embryos of the same cross with different doses of bithorax genes are chromosomal in nature. (3) Since the ether effects cannot result from alterations in the products of the bithorax system, they must result from alterations on the mechanism of its activation. These deficiencies and duplications contain other genes besides the bithorax system. However it is possibly the bithorax system itself that is responsible for the dose-dependent variations. As we have presented evidence that it is not the individual structural loci, perhaps the site responsible is some cis-regulatory element of the system. Of the mutations in cis-regulatory regions similar to "operator" loci (Lewis, 1964 (Lewis, , 1967 , we have studied the response to ether of embryos heterozygous for three Ubx mutations. Whereas embryos heterozygous for the point mutant Ubx 1 do not show a higher frequency of phenocopies, embryos heterozygous for the rearrangements Ubx s~ and Ubx 13~ with breakpoints in the bithorax system, have a sensitivity similar to that of embryos heterozygous for the deficiency for the system, which is about twice as much as wild-type controls (Table 5) .
We will now construct a working hypothesis that accounts for most of the presented data. We assume that "bithorax" phenocopies result from the inactivation of the bithorax system and that this inactivation is mediated by a repressor molecule. The absence of one repressor binding site in heterozygous deficient cells would increase the probability of the repressor binding to the normal homologous chromosome. The same effect will be obtained in embryos heterozygous for rearrangements which break the repressor-binding site (Ubx s~ Ubx 13~ Hm) but not for point mutants in this site (Ubx ~, Cbx) and not for mutants in the structural loci (bx, pbx, bxcO. The effect of increasing the doses of bithorax system upon the phenocopy response of the embryo is consistent with this. For a constant and small number of repressor molecules, the more bithorax genes (i.e., repressor binding sites) are present in the genome, the more difficult will it be to repress them and consequently to prevent a normal metathoracic developmental pathway. If this is the correct interpretation it would mean that the function of the bithorax genes is under negative control. Thus a metathoracic pathway will be initiated when at least one of the bithorax systems is not repressed. The pathway will be maintained when at least one system is not mutant for the structural loci. It is possibly for this reason that the transformation in bx pbx mutant flies (metathorax into mesothorax) cannot be reversed by ether treatment.
We interpret the disturbance caused by ether as affecting the process of repression. If positional signals are not maternally laid down in the periplasm or egg cortex, but become progressively distributed in presumptive segments in a gradient (Schubiger, 1976 ; see review by Sander, 1976) pro-, meso-and metathorax. A: activator gene, the product of which (represser) may, when unhindered, repress the bithorax system or when bound to an inductor molecule (i) leave the bithorax system derepressed. Circles in the egg correspond to the anlagen of the imaginal discs E. coli (Jacob and Monod, 1961 ; see Lewis, 1963 and 1964 ) the positional molecules, equivalent to inductor molecules, could then determine the initiation of a developmental pathway (Fig. 5) . A metathoracic pathway will be initiated when there are enough positional molecules to inactivate the represser molecules to the extent that at least one bithorax system in the genome remains derepressed. A mesothoracic pathway will be initiated when represser molecules become available in excess of represser-binding sites. If ether changes the local concentration of positional molecules, a mesothoracic pathway can be initiated in cells within an otherwise metathoracic anlage ("bithorax" phenocopies), or a metathoracic pathway in cells within an otherwise mesothoracic anlage (" Contrabithorax" phenocopies) (Fig. 5) . At the cellular level, however, phenocopied cells are otherwise normal cells in the wrong positional context. They will retain the determined state autonomously during subsequent development, as do normal cells in untreated embryos.
The preceding model raises several questions. Why are "postbithorax" and '~ Contrabithorax" phenocopies much less frequent than "bithorax" ones ?. It is assumed that postbithorax is a structural gene of the system under the control of Ubx. Thus "bithorax" and "postbithorax" phenocopies will appear depending on the subsegment (anterior or posterior) affected by the ether. The low frequency of "postbithorax" phenocopies might reflect either the existence of an independent mechanism of positional information for posterior subsegments, which is not affected by ether, and/or the existence of a different represser binding site for the postbithorax locus. If the perturbance caused by ether is the same in mesothorax and metathorax, "Contrabithorax" phenocopies should be as frequent as "bithorax" ones. Since Cbx expresses itself mainly in the posterior subsegment of the mesothorax, possibly the repression mechanism is different from that of bithorax and is like postbithorax. Unlike Cbx, the Hm phenotype can not be reverted in phenocopies. Moreover, "bithorax" phenocopies cannot be obtained in the halteres of Hm flies. This suggests that whereas Phenocopies of the Bithorax System 125 Hm behaves as a true operator-constitutive mutation, Cbx may not. It is obvious that we have to know more of the genetic organization of the bithorax system to try to explain the different behaviour of its mutants in phenocopy experiments.
Phenocopy transformations between abdominal tergites occur occasionally after ether treatment of wild-type flies, and frequently in flies of certain genotypes (Capdevila and Garcia-Bellido, in preparation) . These changes mimic the phenotype of mutants of the bithorax system which map to the right of postbithorax (Lewis, unpublished) .
The abnormalities observed in abdominal segmentation (Gloor, 1947; Bownes and Seller, 1977) may reflect ether perturbations in the mechanism of activation of those genes responsible for abdominal pathways.
How is the condition of repression or derepression of bithorax maintained in, subsequent cell generations? Two facts seem to suggest that stability of this condition is probably not based on replicative alterations at the chromosomal level. We have failed to produce homozygous clones of phenocopied chromosomes by inducing mitotic recombination in ether-treated embryos (Capdevila and Garcia-Bellido, unpublished) . More compelling is the observation that flies heterozygous for mutants in the structural genes do not show increased frequency of phenocopy spots (Table 4) . If repression were an autonomous chromosomal event, these flies should have some cells trans-heterozygous for the repressed chromosome and for the mutant, and should therefore show a higher frequency of phenocopy spots than wild-type homozygous embryos. We postulate that repressed, or derepressed, states are maintained by feed-back loops with the possible interaction of other genes. Thus, phenocopies of bithorax might be induced, during the proliferation phase of the disc, by interference with such feed-back loops.
